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The effect of CO, enrichment on elemental stoichiometry of phytoplankton under different
trophic status
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Abstract: Seasonal in situ microcosm experiments were carried out in Lake Taihu to assess the seasonal effects of CO, on the car-
bon: nutrient stoichiometry of phytoplankton in freshwater ecosystems with different trophic status. The experimental treatments
were three concentrations of CO,, 270, 380 and 750 ppm, which represent the level for preindustrial, present and the prediction
for the end of this century, respectively. Although nutrient concentrations were higher in the Meiliang Bay than those in the East
Taihu, the later one has generally higher major nutrient contents of phytoplankton. Meanwhile, the nutrient contents of phytoplank-
ton showed seasonal variation in the Meiliang Bay, while relatively stable in the East Taihu. The rise of CO, could largely increase
the C:P ratio of phytoplankton and slightly increase the N :P ratio of phytoplankton of microcosms in the Meiliang Bay, but did not
have significant impact on those two stoichiometric values in the microcosms of the East Taithu. The rise of elemental ratios were due
to the increase of C and N content in phytoplankton under high CO, treatments. Rising CO, concentration is likely to have a more
significant impact on particulate elemental ratios if phytoplankton is in nutrients-limited status, regardless of the nutrient concentra-
tions of surrounding waters.
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H AR R B, KR CO MR IEE 2 M TOALHET Y 280 ppm L FH5] 400 ppm, i3 21 424K
2 1 FHE] 700~ 1000 ppm' . KA CO, MR T 25 FEUK AL K A — R ARG, W0 pH (R [ 5 i
PE CO, R HCO; WREETFE . SUBPEAH HE TR K A 25 3 G0 Qi Rl it S5 5 AT B0/ N B 88 28 oh ik 7, R/
CO, W& HE I TF 1R A K AR AL A FR B Y MH BE R 5 . CO, K S HOH B8 % /N T IR R X CO, Y [
FEREFE™ N B SRR A ISR 1Y B TR, CO, S T A 4 A K AR BRI IR R 22— | AR ARl AL 2 R B8 ok
AR 2 RN PR S 0 A EI AR SRR A AR TR S KL CO, e B T 2 Xy Tl 2 BB s

TR BESAE A BRA Yy D ER AL A AR IR p B A VR, Hfk 2B R 25 R AT 2 e 7
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P FNZIRE ™ Az IR ( cascading effects) 7. PRIiFSEIICR MR XF CO, 7K L FH B i B n] RE 45 46 25
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TR B TE Z BT i — 2P PR FE XA ().

IR B A — 415 32 (0 SR A IE CO, W AE AT TR Ui i S A 2 T B (B A iy 71 (F s e 2 SR AR U
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W BTN E FRER B T % K A AR A R GRS W AR U N 38 B, AT 2E MG BRIV T AR A 2 A8 3R KA 2
SER A X, AT AR TR] CO, KRR EF IR T80, 38R CO, MR BE AR AL AN [ 3E FR K - IR 58 R i e %
A2 TR A FE A, SR B T AR 2B 75 R BRI AR B AT R 4R (R 22 Ak 4.
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U 2 Ji A7 B 4D S 3 S AE R AR S R e 9Tl (2012 4F 47,912 H) FIAR Lk (2013 4F 8 .11 H Al
2014 4F 1.4 7)) A7, B TAEE T 80 pm i X ( BRI PRIESh ) ) ARFZEVE AN AR AT 9 51K , & F 200 L 1
BB ST AR P, F8 I3 T A A T 3t R0 2R 3l B S 40 N T L P A5 S 6 S0 1] A R i BB A&
SR —3 WE 34 CO,MEEE 270 ppm ( TALAKFTZK ), He 25 1 25 3 5o e i A 15 VT U3 B 5 380 ppm
(BA KN, HHEEAZS ;750 ppm ( H 2100 AKZLiR 3N 97K ) , FH CO, INE #% ( CO, enrichlor CE-300,
China) 25 S M4l CO,TRA RN AL, 3 Fh CO, MR BE 194 Sl i o WRAR IS F B A KA, B4 CO, Mk B
FEEE 3 4 FAT. H CO, 53 BT (Testo 535, Germany , {34 ¥ 15 25 i [l £50 ppm) BRERIF M HHEIE CO, MR B
(CO,MREEARAMIR MR T 5% ), $#RH 1.0 L/min. SCHAI4 H ZEAR B IN7E 3548 (KH, PO, \NH,C1 Al
NaNO, [T ) TR PRI K (AR Y 8 37 R /K - AR — B SERe IR 43 H R BRI 2 KR L E RIS 373 5
B, BERR 3 d RAEDN E T 3R BN VT i S A R, B R ST R N TR A R
1.2 KENESHT

B L2 S EUK B3 (Model 6600; Yellow Spring Instruments, USA) Il %€ /K /& pH {E K IR V5 1 4
HIH PR K R B B R (NH,-N) VSR (NOS-N) (iR EE (PO -P) v B i 2 T 3 15 i AX
(Skalar SA 1000, Breda, Netherlands) 2. &2 (TN) 58 (TP) A A Z (TDN) AL MRS (TDP)
e P PRI B FR AP S
1.3 TEARST

BT LKFE IR B WISEFREE AL 9 GF/F B ISET 4E R B ( Whatman, 2 35 57 7 500°C #94% 12 h) b, H 5 ml
0.17 mol/L Na, SO, F M RIS 3 YK, f-AF T -20°C . okt HLAK (POC) AR HLAL(PON) e o
FOHH O DR B T R R A TR R EZE 8 h L L, IR AP I, BORER, B5F
HLAAEIRAE T, 45°CHRE N HCT LT IR BRI | 700 2 43 BT ( EA3000, Ttaly ) EI5%E POC PON .
SIBURLPERE (TPP) 5 TP e BE I 52 7 1 — B, 1% oo B R 0 1 Y08 At U, R P AR R B4 43 )6 6 B v 0 5 ( GB
11893—1989).
1.4 FFREST

B 500 ml 7KAFE FHE SRR (LR BE 1% ) 38, 78 S8 PSS B S R 35, L 200 5]
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J& K.
1.5 HiEH

JH SPSS 16.0 1 Origin 8.0 BAFMATE T A FIZ E. H B 12446 58 (1-test, ANOVA) 1 P<0.05 IR
AR EWNZS. TR SHFR BT AR ME2 (SD).

2 R

ME TS X AR PR S E B RGBT R VHE SR 1T, DL 3R 40 T2 % MR B ( Mougeotia ) B FT 3
(Synerdra) FVREESE (Microcystis ) , FoAth 3 /> 25777 1025 8 14 40 I = J3 0 B V2 D e 2 I ST RR BB aT T 90% .
TR S KRV e 2 R W R g e, o B R ¥ (Anabaena ) THHEBE M ( Scenedesmus ) /)
B ( Chlorella) F1%5 B2 3 ( Coelastrum ) J& F BN , L TR F R R I TR e ], K /N R
N4 KL ( Chrysococsus ) JEL R,

KIAHGEEVE KRG TDN A1 TN ¥ B 38 5 AR K, R & NH,-N ¥R BEAHXTHR =, 44220 0.70 mg/L,
HAbZABTE 0.30 mg/L 247, i Z5 KWAZK AR TDN FF i NO;-N 4, 4FE i E7E 0.35~0.58 mg/L 2Z [l
HAhHET P fem . MM RIS TP i BE AR = T 7R KK AR (B A K TDP 1 POT -P W EEAE R |
B KENS T THERE | K POY -P MEEETE 0.075 ~0.140 mg/L Z 8], M 3278 POY-P ¥ JF b T 0.02~0.14
me/L Z ] (& 1).

VZAZRKH T

0 3.0 o s
U 5 . -1
2s] h h ~l~ 12 - ‘l’
27 0.6
H — 2.0 5 ] =
2 241 E) E" 509 - N
g E 15 A1 £
> j; Z % 044 Z'Oé
] a o 50.6 4|
=] SN z 5 I
! o4 044 % 0 la
HF 2T KF AF HF HF KFE AF HF AT KFE AF HF AT KE AR
0.25 100
1.5 ]
0.20-
| 80
. 0.20
0154 o - )
a ) 20,15 291
S 0.9 4 eh i g =
£ g s i
= & 0.10 f‘r 40 4
E 0.6 e S0.104 iy
20 1 il
03+ 0.0 0.05 1
A2 18] ']
0 A 0 A 0 A :
HF 2F KF AF EE AF KFE A% FE AF KFE AF EF 2F KFE AF

P 1 ZR T RIS DU S 8 rp 8 SR R R B A A it e AR

Fig.1 Nutrient concentrations and biomass in microcosms of East Taihu and Meiliang Bay

MEZRVE A S TP IR EESE C S B 2 R BR K ZA B e K MH 400 mg/g( DW) |, 4 Z3 I T 46
FR,%F H 217073 C &mAE 750 ppm CO,MKE N B & T HALH A BE (K 2) . A KW A7 5256 b 7 Ui
W C O BAEETMEYN R R TARRIE (KRN AT 50~300 mg/g( DW) Z 8], M2 JF A7 525K
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TR N S R TERK R IR B IR R (B (47 mg/g(DW) ), 2 AR TAG AR B , 383 1K T AR R 28 N 3%
. IEAE 750 ppm CO, RIS MFRRIE PRI 328 N S i e 5 KA Tk i, A R e 28 N S e 4 %
WA BT TR (1B 2) . MERRIE R AL Sc i b PRI e P i M IRTE L 2 358 1.94 mg/g(DW) , HBERAK,
4 0.78 mg/g(DW) , AR KA L FKFELE h R iF#E2E P & K HITE 15 me/g(DW) 247, &5 R I
#) 0.78 mg/g(DW) , W] i THE 205 S rp IR 32 P& i, OANER T AR KITR 5086, CO, KT el
MR TR P AR (R 2).
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Fig.2 C, N, P contents of phytoplankton in East Taihu and Meiliang Bay
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ZI) ZEAT ) 22 AN AR R S P e NP LR B R B, LU 5 e & %
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3 iTit
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Fig.3 The ratios of C:P and N:P of phytoplankton in East Taihu and Meiliang Bay
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B KZESZ N P AR R BRI E TR KPR T S (H D e e 2 A Wy e AR DO AT, TR N P
SR FRAR T REAC R A 7. Xu 551 BORFFFE 45 WY, A K0 7 e 9 2 1) 2 2 R DR 2 B VR N
(R P ARBAT RO BE A . AT TS A SRR, AR 7 1 6 2 5 IR $h 0 3 0 v T g SR 1 i e 26
HIRETCR SR (I 1) 2D IE T BRI K A 8 IR vk B L7 D B 2 ) T R o
BEAh, S54RI LE A SR ) DR BOREPE C NP S i R BN B R RO 0 22 5.l T oK SR Eh SR BT RE TG
FETRWEBES A K IR A AR 22 Sl ROK A S R G BOR S SE R A E SR ™. it T2 N s P R
(A, PRSI N Y N P 5 i TR LR G R AL DR R VR 2T R S R
SR — 25 U] DX R Ui S AR AN ] 245 52 21 A BR ) PR A B AN (8], T AR DR Ui i 28 0 3% 5 B A
AR W BETZ) X PR D62 C NP BRI B /)N
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WA R R INFWEHEZE T R AT (EXT CO, W Ty mi i S FIAR B SR IR FRRE AR K
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WA S 56 P PR S TC R AT R E I R 1R Ak, FRIR R K A SR kv J3 38 i 1K T # 2 K
B TR A CO, R BE T S I I X AR R e s T R (B A TR K520, A S 0, 3 B it o
FICR I AEXT CO, Ve BE T w2 By ma i TR 4. Pl AR R ) DX T e 32 IN P B 0 52 B2 oo T AR DR i U
B RATF A5 R R W], iR IS I A RS2 R A 37 3 ik BE BRI B I s 2 oo R Ak AT (X Co,
e AR AR e RO B A T S KA SR R vk B I AN HE IR KK R

LA 200 PR 43 R ) TT A WL A A7 BB T A SRR L 81> AR TS W X /K AR H TDN = TDP L
AEXFEE e, PR A S D S 0 T PR DS N o P LGl i TR K. PRI ey N <P L — 7 1 32 7K f& N :P
U BSEIR , 55— 5 TR 32 A KOs 2R RS2 . 3R N oP L 57K MR N oP b2 B 38 IEAH O  (H Y B AR K
PR LR, B NP HE SRR NP LAY R A K Y. Reinfelder' ™ A K AR IUR 2590 G 2 TR, 4
C:N [ C:P LUAT N:P LUBE CO, M B T i T s, BE 2 002 RN BURLAS N 58 P & i 4Bl CO, Mk 1y 2R 1k
AR, ARy C Frim AR M. RIS B L a5 R W TR IE (C:N B .C:P WA NP [) B
& CO, MBI Fmm L, AT LUH T34 C A/l N & i i A8 4k

Mg ZEVE ] X B IRl R SR i, EEURGORET ] REEE] R RE] ORFAE S R AR AT
T, A 3 /> 7 f S 00 0 = X P U B 1 ST T 90% |, CO, Ve S8 T i ¥ A X o
MBCRAT N 20 AT B BRI PRI B2 SR R S T AN B ) R R O M
ANEREEANZS B EEM R HR A IR RS B R R T A ] P NI R SRR AR, 45
SRR CO, MR BETH i X BE Y S AR 55 52 A%, A7 AE R ) mld el P 19 28 57 CO, VR BE T i ) 7 6 1) 0 R e 2
P28 B AR O ORI IS A TR LA A P A T R AU AR K 22 5%, MK AR 3R R AR 2 LA
SRR E RN AT PRI B 28 0 BT R AE W v AR (bR A — R R T e iy A FE A K B
1, A5 AR R I e L AR AR 13 /N T LA 5 4 T 27 L AN RS CO, e B Ak, A [l R 2 Xof it 9 o
B Y R RE SR WS A AE 22 5, AN CO, VR BE Y b I ATl SR E 4K, AN K BE ( Chlamydomonas ) Fl /N B i
( Chlorella) 4 P 2R (B & fe ok N & T4 Y {0 BUA 3 ( Emiliania hudeyi ) 170 5 A2 T AR T 1% A Bt
CO, MR AR & AR B . PR RS 56, M b COMREM BTt TRIFSEIE C:P LA &
BN, P RESR A B 2 RV 2 R 3 T A ORI 8, X CO, Wk 5 A i oz B8 K, (HL ) TR I
CO, T W FE AR B ORI s (R M B 55, T 28 P C O, ¥R B2 T v VT fal 288 38 1) 5 i e L 2 B8 R 7 ) ol 2 i A=
KA G PE R 5.
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